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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a ID— V compound semiconductor 
with very few defects and high quality and its manufacturing method and, 
further, a light emitting device consisting of the compound semiconductor. 



SOLUTION: After trymethyl Ga and NH3 are supplied onto the mirror- 
polished C surface of a sapphire substrate 9 at a substrate temperature of 
550° C and a GaN buffer layer 8 is formed, the substrate temperature is 
elevated to 1 100° C and silane is supplied to build up an Si-doped n-type 
GaN layer 5 and, further, nondoped GaN layer 4 is formed at the same 
temperature. Then the substrate temperature is lowered to 780° C and 
an In0.3Ga0.7N light emitting layer 1 is built up by using TEG, TMI and 
NH3. Further, after TEG, TEA and NH3 are supplied at the same 
temperature and a Ga0.8AI0.2N protective layer 2 is formed, the substrate 
temperature is elevated to 1100° C and an Mg- doped GaN layer 3 is built 
up. After the m— V compound semiconductor is taken out from a furnace 
and subjected to a heat treatment in an N2 atmosphere and the GaN layer 
3 is converted into a low resistance p-type layer, positive and negative 
side electrodes 6 and 7 are formed to obtain a light emitting device 
emitting clear blue light. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim 1] The 1st layer which consists of a 3-5 group compound semiconductor expressed with a genera! formula 
(however, x+y+z=1, 0< x<1, 0< y<1, 0<=z<1) Inx Gay Alz N, The 2nd layer which consists of a 3-5 group compound 
semiconductor expressed with general formula Gax'Aly'N (however, x f +y f =1, 0<x'<=1, 0 <=y'<1), General formula Gax'the 3rd 
layer which consists of a 3-5 group compound semiconductor expressed with 'Aly" N (however, x"+y"=1, 0<x"<=1, 0 
<=y ,, <1) The 3-5 group compound semiconductor with which it has the structure which comes to carry out a laminating to 
this order, and thickness of this 1st layer is characterized by 5A or more being 90A or less. 

[Claim 2] The 5th layer which consists of a 3-5 group compound semiconductor expressed with a general formula 
(however, a+b=1, 0<=a<=1, 0<=b<=1) Gaa Alb N, The 1st layer which consists of a 3-5 group compound semiconductor 
expressed with a general formula (however, x+y+z=1, 0< x<1, 0< y<1, 0<=z<1) InxGay Alz N The 3-5 group compound 
semiconductor with which it has the structure which comes to carry out a laminating, and thickness of this 1st layer is 
characterized by 5A or more being 90A or less. 

[Claim 3] The 5th layer which consists of a 3-5 group compound semiconductor expressed with a general formula 
(however, a+b=1, 0<=a<=1, 0<=b<=1) Gaa Alb N, The 4th layer which consists of a 3-5 group compound semiconductor 
expressed with general formula Gaa'Alb'N (however, a'+b' =1, 0 <=a' <=1, 0 <=b' <=1) with high impurity concentration 
smaller than this 5th layer, The 1st layer which consists of a 3-5 group compound semiconductor expressed with a general 
formula (however, x+y+z=1, 0< x<1, 0< y<1 ? 0<=z<1) Inx Gay Alz N The 3-5 group compound semiconductor with which it 
has the structure which comes to carry out a laminating to this order, and thickness of this 1st layer is characterized by 
5A or more being 90A or less. 

[Claim 4] The 5th layer which consists of a 3-5 group compound semiconductor expressed with a general formula 
(however, a+b=1, 0<=a<=1, 0<=b<=1) Gaa Alb N, The 4th layer which consists of a 3-5 group compound semiconductor 
expressed with general formula Gaa'Alb'N (however, a'+b* =1, 0 <=a' <=1, 0 <=b* <=1) with high impurity concentration 
smaller than this 5th layer. The 1st layer which consists of a 3-5 group compound semiconductor expressed with a general 
formula (however, x+y+z=1, 0< x<1, 0< y<1, 0<=z<1) Inx Gay Alz N, The 2nd layer which consists of a 3-5 group compound 
semiconductor expressed with general formula Gax'Aly'N (however. x'+y ,= 1, 0<x'<=1, 0 <=y'<1), General formula Gax'the 3rd 
layer which consists of a 3-5 group compound semiconductor expressed with 'Aly" N (however, x"+y"=1, 0<x"<=1, 0 
<=y"<1) The 3-5 group compound semiconductor with which it has the structure which comes to carry out a laminating to 
this order, and thickness of this 1st layer is characterized by 5A or more being 90A or less. 

[Claim 5] The 3-5 group compound semiconductor according to claim 1 or 4 with which thickness of the 2nd layer which 
consists of a 3-5 group compound semiconductor expressed with general formula Gax'Aly'N (however, x'+y'=1, 0<x'<=1, 0 
<=yX1 ) is characterized by 50A or more being 1 micrometer or less. 

[Claim 6] Each concentration of each element of Si, germanium, Zn, Cd, and Mg which are contained in the 1st layer which 
consists of a 3-5 group compound semiconductor expressed with a general formula (however, x+y+z=1,'0< x<1, 0< y<1, 
0<=z<1) Inx Gay Alz N is 1x1019-/cm3. Claims 1, 2, 3, and 4 characterized by being the following, or 3-5 group compound 
semiconductor given in five. 

[Claim 7] The concentration of Mg contained in the 2nd layer which consists of a 3-5 group compound semiconductor 
expressed with general formula Gax'Aly'N (however, x'+y'=1, 0<x'<=1, 0 <=y'<1) is 1019-/cm3. 3-5 group compound 
semiconductor according to claim 1, 4, or 5 characterized by being the following. 

[Claim 8] After growing up the 1st layer which consists of a 3-5 group compound semiconductor expressed with a general 
formula (however, x+y+z=1, 0< x<1, 0< y<1, 0<=z<1) Inx Gay Alz N General formula Gax' After growing up this 1st layer in 
the growth approach of the 3-5 group compound semiconductor who grows up the 3rd layer which consists of a 3-5 group 
compound semiconductor expressed with *Aly" N (however, x"+y"=1, 0<x"<=1, 0 <=y"<1) at the temperature exceeding 
1000 degrees C ( The manufacture approach of the 3-5 group compound semiconductor characterized by growing up the 
2nd layer which consists of a 3-5 group compound semiconductor expressed with general formula Gax'Aly'N (however, 
x'+y-L 0<x'<=1, 0 <=y'<1) at the temperature of 1000 degrees C or less before growing up this 3rd layer. 
[Claim 9] The light emitting device characterized by using the 3-5 group compound semiconductor of a publication for 
either of claims 1, 2, 3, 4, 5, 6, or 7. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a 3-5 group compound semiconductor, its manufacture approach, and a 

light emitting device. 

[0002] 

[Description of the Prior Art] The 3-5 group compound semiconductor expressed with a general formula (however, 
x+y+z=1 t 0<=x<1. 0< y<=1, 0<=z<1) Inx Gay Alz N as an ingredient of light emitting devices, such as ultraviolet or blue light 
emitting diode or an ultraviolet or blue laser diode, is known. Hereafter, x in the above-mentioned general formula, and y 
and z may be described as In concentration, Ga concentration, and aluminum concentration, respectively. Since, as for 10% 
or more of thing, In concentration can aajust the luminescence wavelength in a visible region according to In concentration 
with this 3-5 group compound semiconductor, it is important for a display application. By the way, there were the following 
big problems in this 3-5 group compound semiconductor on the occasion of the utilization of a light emitting device which 
used this. That is, it is the problem of the thermal stability of this 3-5 group compound semiconductor that there is no 
suitable substrate which can be used for the crystal growth of this 3-5 group compound semiconductor in the 1st and the 
2nd. This point is explained in detail below. First, although it is tried for this 3-5 group compound semiconductor to form 
membranes on various substrates, such as sapphire, GaAs, and ZnO, since a lattice constant and chemical property differ 
from this 3-5 group compound semiconductor greatly, the 1st problem is that the crystal of high quality is not obtained 
enough. For this reason, to obtain the crystal excellent in first growing up the crystal of GaN with which a lattice constant 
and chemical property bear a strong resemblance to this 3-5 group compound semiconductor, and growing up this 3-5 
group compound semiconductor on this is tried (JP,55-3834,B). However, a gap of the lattice constant of this 3-5 group 
compound semiconductor and GaN becomes large as In concentration increases even in this case, crystallinity falls, and it 
is known that a defect will increase. Therefore, it was difficult to manufacture this 3-5 group compound semiconductor of 
a quality and high InN mixed-crystal ratio. 

[0003] It is known that what contains In in the 2nd among these compound semiconductors has quite low decomposition 
temperature compared with what does not contain In. For example, although at least 1000 degrees C or more of GaN, AIN, 
and its mixed crystal are comparatively stable, the pyrolysis temperature of InN is about 600 degrees C. For this reason, 
although the compound semiconductor containing In is based also on In presentation, degradation of a crystal arises at the 
temperature exceeding 1000 degrees C generally, and a defect increases. 

[0004] By the way, for light emitting device production which can be driven by the low battery, it is required to insert a 
barrier layer in the current impregnation layer of p mold and n mold. It is known for this compound semiconductor to it 
being easy to produce the thing of n mold that it is very difficult to produce the thing of p mold. 
[0005] Moreover, in order to obtain high p mold conduction, after treatment such as heat annealing treatment and 
electron-beam-irradiation processing, may have effectiveness in the layer which doped the acceptor mold impurity. These 
processings can expect high effectiveness, when the layer which doped the acceptor mold impurity is generally exposed to 
a front face. For this reason, as for the current impregnation layer of p mold, growing up after a barrier layer is desirable. 
Furthermore, although In is not included to the thing containing In, it is known for this compound semiconductor that that 
the direction indicates p mold conduction to be easily will be obtained. So, Gax"Aly" N (however, x"+y"=1, 0<x"<=1, 0 
<=y"<1) which does not contain In is used for the current impregnation layer of p mold. However, in order to obtain this 
Gax"Aly" N which shows good p mold conduction, it is required to make it grow up at the temperature exceeding 1000 
degrees C. For this reason, while growing up this Gax"Aly" N of p mold at the temperature exceeding 1000 degrees C, the 
problem that the barrier layer containing In will deteriorate was. 
[0006] 

[Problem(s) to be Solved by the Invention] After growing up the 3-5 group compound semiconductor of high quality with 
few defects, and the layer containing In, even if this invention grows up GaAIN which doped p mold impurity at the 
temperature exceeding 1000 degrees C, it does not degrade the layer containing In, and it is to offer the manufacture 
approach of a 3-5 group compound semiconductor which shows a good luminescence property, and the light emitting 
device which shows the good luminescence property using this 3-5 group compound semiconductor further. 
[0007] 

[Means for Solving the Problem] this invention persons have a specific laminated structure variously about a 3-5 group 
compound semiconductor as a result of examination. And by making into a specific film the layer which consists of a 3-5 
group compound semiconductor expressed with a general formula (however, x+y+z=1, 0< x<1, 0< y<1, 0<=z<1) Inx Gay Alz 
N It resulted that the thermal resistance of this compound semiconductor layer improved in a header and this invention by 
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growing up that the 3-5 group semiconducting crystal of high quality with few defects is obtained, and the layer containing 
In, and then growing up a GaAIN layer as a protective layer at low temperature comparatively. 

[0008] Namely, the 1st layer which this invention becomes from the 3-5 group compound semiconductor expressed with 
the [1] general formula (however, x+y+z=1, 0< x<l, 0< y<1, 0<=z<1) Inx Gay Alz N, The 2nd layer which consists of a 3-5 
group compound semiconductor expressed with general formula Gax'Aly'N (however, x'+y-1, 0<x'<=1, 0 <=y'<1), General 
formula Gax'the 3rd layer which consists of a 3-5 group compound semiconductor expressed with 'Aly" N (however, 
x"+y"=1 , 0<x"<=1, 0 <=y"<1) It has the structure which comes to carry out a laminating to this order, and the 3-5 group 
compound semiconductor whose thickness of this 1st layer is 5A or more 90A or less is started. 

[0009] Moreover, the 5th layer which this invention becomes from the 3-5 group compound semiconductor expressed with 
the [2] general formula (however, a+b=1, 0<=a<=1, 0<=b<=1) Gaa Alb N, The 1st layer which consists of a 3-5 group 
compound semiconductor expressed with a general formula (however, x+y+z=1, 0< x<1, 0< y<1, 0<=z<1) Inx Gay Alz N It 
has the structure which comes to carry out a laminating, and the 3-5 group compound semiconductor whose thickness of 
this 1st layer is 5A or more 90A or less is started. 

[0010] Furthermore, the 5th layer which this invention becomes from the 3-5 group compound semiconductor expressed 
with the [3] general formula (however, a+b=1, 0<=a<=1, 0<=b<=1) Gaa Alb N, The 4th layer which consists of a 3-5 group 
compound semiconductor expressed with general formula Gaa'Alb'N (however, a'+b f =1, 0 <=a' <=1, 0 <=b' <=1) with high 
impurity concentration smaller than this 5th layer, The 1st layer which consists of a 3-5 group compound semiconductor 
expressed with a general formula (however, x+y+z=1, 0< x<1, 0< y<1, 0<=z<1) Inx Gay Alz N It has the structure which 
comes to carry out a laminating to this order, and the 3-5 group compound semiconductor whose thickness of this 1 st 
layer is 5A or more 90A or less is started. 

[0011] The 5th layer which this invention becomes from the 3-5 group compound semiconductor expressed with the [4] 
general formula (however, a+b=1, 0<=a<=1, 0<=b<=1) Gaa Alb N, The 4th layer which consists of a 3-5 group compound 
semiconductor expressed with general formula Gaa'Alb'N (however, a'+b' =1, 0 <=a* <=1, 0 <=b' <=1) with high impurity 
concentration smaller than this 5th layer. The 1st layer which consists of a 3-5 group compound semiconductor expressed 
with a general formula (however, x+y+z=1, 0< x<1, 0< y<1, 0<=z<1) Inx Gay Alz N, The 2nd layer which consists of a 3-5 
group compound semiconductor expressed with general formula Gax'Aly'N (however, x*+y-1, 0<x'<=1, 0 <=y'<1). General 
formula Gax'the 3rd layer which consists of a 3-5 group compound semiconductor expressed with 'Aly" N (however, 
x"+y"=1, 0<x"<=1, 0 <=y"<1) It has the structure which comes to carry out a laminating to this order, and the 3-5 group 
compound semiconductor whose thickness of this 1st layer is 5A or more 90A or less is started. 

[0012] This invention Moreover, the [5] general formula Inx Gay Alz N After growing up the 1st layer which consists of a 
3-5 group compound semiconductor expressed with (x+y+z=1, 0< x<1. 0< y<1, 0<=z<1), [ however, ] General formula 
Gax'After growing up this 1st layer in the growth approach of the 3-5 group compound semiconductor who grows up the 
3rd layer which consists of a 3-5 group compound semiconductor expressed with 'Aly" N (however, x"+y"=1 f 0<x"<=1, 0 
<=v"<1) at the temperature exceeding 1000 degrees C, Before growing up this 3rd layer, the manufacture approach of the 
3-5 group compound semiconductor who grows up the 2nd layer which consists of a 3-5 group compound semiconductor 
expressed with general formula Gax'Aly'N (however, x'+y'=1, 0<x f <=1, 0 <=y'<1) at the temperature of 1000 degrees C or 
less is started. 

[0013] and this invention — [6] — the light emitting device using such a 3-5 group compound semiconductor is started. 

Hereafter, this invention is explained to a detail. 

[0014] 

[Embodiment of the Invention] The 5th layer which the 3-5 group compound semiconductor of this invention becomes 
from the 3-5 group compound semiconductor expressed with a general formula (however, a+b=1, 0<=a<=1, 0<=b<=1) Gaa 
Alb N, It has the structure the 1st layer which consists of a 3-5 group compound semiconductor expressed with a general 
formula (however, x+y+z=1, 0< x<1, 0< y<1, 0<=z<1) Inx Gay Alz N comes to carry out a laminating to this order, and 
thickness of this 1st layer is characterized by 5A or more being 90A or less. When the thickness of this 1st layer is 
smaller than 5A, or was larger than 90A and it considers as a light emitting device using this compound semiconductor, 
since luminous efficiency is not enough, it is not desirable. 

[0015] The 1st layer can be made to emit light on wavelength which is different from the band gap of the 1st layer with 
doping an impurity. Since this is luminescence from an impurity, it is called impurity luminescence. In impurity 
luminescence, luminescence wavelength is decided with the presentation of 3 group element of the 1st layer, and an 
impurity element. In this case, in the light emitting device for a display, 5% or more of In concentration of the 1st layer is 
desirable. When In concentration is smaller than 5%, most light which emits light is ultraviolet rays, and since they cannot 
sense sufficient brightness for a naked eye, they is not desirable. Luminescence wavelength becomes long as In 
concentration is increased, and luminescence wavelength can be adjusted from purple to blue and green. As an impurity 
suitable for impurity luminescence, 2 group element is desirable. In 2 group element, when Mg, Zn, and Cd are doped, since 
luminous efficiency is high, it is suitable. Especially Zn is desirable. The concentration of these elements is 1018-1022- 
/cm3. It is desirable. The 1st layer may dope Si or germanium to coincidence with these 2 group elements, the desirable 
density range of Si and germanium — 1018-1022-/cm3 it is . 

[0016] In impurity luminescence, generally, an emission spectrum becomes broadcloth. For this reason, when high color 
purity is required, or when it is required for the narrow wavelength range to centralize luminescence power, band edge 
luminescence is used. In order to realize the light emitting device by band edge luminescence, the amount of the impurity 
contained in the 1st layer must be stopped low. Specifically, each concentration of each element of Si, germanium, Zn, Cd, 
and Mg is 1019-/cm3. The following is desirable still more desirable and it is 1018-/cm3. [0017] which is the following In 
band edge luminescence, luminescence wavelength is decided by the presentation of 3 group element of the 1st layer. 
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When making light emit by the visible region, 10% or more of In concentration is desirable. When In concentration is smaller 
than 10%, most light which emits light is ultraviolet rays, and cannot sense sufficient brightness for a naked eye. 
Luminescence wavelength becomes long as In concentration is increased, and luminescence wavelength can be adjusted 
from purple to blue and green. 

[0018] Thermal stability may not be enough although the 1st layer of above-mentioned structure has the crystallinity of 
high quality. According to the layer structure described below, growth after the following layer can be performed without 
receiving degradation with the 1st thermal layer, and the light emitting device of still higher luminous efficiency can be 
manufactured. Namely, the 3-5 group compound semiconductor of this invention The 1st layer which consists of a 3-5 
group compound semiconductor expressed with a general formula (however, x+y+z=1, 0< x<1, 0< y<1, 0<=z<1) Inx Gay Alz 
N, The 2nd layer which consists of a 3-5 group compound semiconductor expressed with general formula Gax'Aly'N 
(however, x'+y-1, 0<x'<=1, 0 <=y'<1), General formula Gax'It has the structure the 3rd layer which consists of a 3-5 group 
compound semiconductor expressed with 'Aly" N (however, x"+y'-1, 0<x"<=1, 0 <=y"<1) comes to carry out a laminating to 
this order, and thickness of this 1st layer is characterized by 5A or more being 90A or less. The thickness of this 1st layer 
has 10A or more desirable 80A or less. 

[0019] The thickness of the 2nd layer has 50A or more desirable 1 micrometer or less. It is 70A or more 5000A or less still 
more preferably. When thickness is smaller than 50A, the thermal resistance of the 1st layer is not enough, and when 
degradation is component-ized finally [ a lifting and when larger than 1 micrometer ] during membrane formation of the 3rd 
layer, since sufficient luminescence reinforcement is not obtained, it is not desirable. 

[0020] The concentration (x") of aluminum of the 2nd layer has desirable 0.05 <=x" in respect of the thermal stability of a 
barrier layer. However, as range where there is an inclination which electric resistance increases in as aluminum 
concentration becomes high, and the electric resistance of a component does not become high especially, x"<=0.5 are 
desirable. The range of stil! more desirable aluminum concentration is 0.1 <=x M <=0.45. As for the 2nd layer, it is desirable 
from a viewpoint of electrical characteristics that it is p mold. In order for the 2nd layer to show p mold, it is necessary to 
dope acceptor impurity to high concentration. As an acceptor mold impurity, 2 group element is specifically mentioned. 
Among these, Mg and Zn are desirable and Mg is still more desirable. However, in order for the 2nd layer to show p mold 
conduction, in the 2nd layer, it is 1020-/cm3. Although it is desirable that the high-concentration acceptor mold impurity 
more than extent is doped, when the 2nd layer contains an impurity in high concentration, crystallinity falls and the 
property as a component may be worsened on the contrary. In such a case, it is necessary to make high impurity 
concentration low. As range of high impurity concentration in which crystallinity is not reduced, it is 1019-/cm3 preferably. 
It is 1018-/cm3 still more preferably hereafter. It is the following. 

[0021] p type layer prepared in the topmost part may be further formed into low resistance by annealing treatment after 
growth, n electrode can be prepared in the part which removed partially this p type of the 3rd layer, the 2nd layer, and the 
1st layer by etching, was made to expose n type layer, and was exposed, and p electrode can be directly prepared in the 
3rd layer of p mold, it can consider as a light emitting device, and the target luminescence can be obtained by passing a 
current to the forward direction through these electrodes. About the layer of the 1st 3-5 group compound semiconductor, 
it is the same as that of the above. 

[0022] The example of the structure of the light emitting device using the 3-5 group compound semiconductor of this 
invention is shown in drawing 1 and drawing 2 . Growing up the 2nd layer which drawing 1 grows the 1st layer on the 5th 
layer, and has a bigger band gap than the 1st layer on the 1st layer, the 5th layer is the example which grew the 3rd 
different conductive layer further. It is formed in the 5th layer and 3rd layer, a current flows by applying an electrical 
potential difference to two electrodes, and an electrode emits light in the 1st layer. Drawing 2 gives conductivity which is 
different from the 5th layer in the 2nd layer. Light is emitted by applying an electrical potential difference like the example 
of drawing 1 . It is common to use the 5th layer as n mold and to use the 3rd layer as p mold in the example of drawing 1 , 
from the ease of crystal growth. In the example of drawing 2 without the 3rd layer, the 2nd layer is p mold. 
[0023] Here, since the impurity is doped by high concentration, as for the 5th layer of n mold, crystallinity may be falling. In 
such a case, when the 5th layer and 1st layer of n mold have touched directly, luminous efficiency and electrical 
characteristics may fall. Then, such a problem may be able to be reduced by preparing the 4th layer with low high impurity 
concentration between the 5th layer of n mold, and the 1st layer. This example is shown in drawing 3 . 
[0024] Namely, the 3-5 group compound semiconductor of this invention The 5th layer which consists of a 3-5 group 
compound semiconductor expressed with a general formula (however, a+b=1, 0<=a<=1, 0<=b<=1) Gaa Alb N, The 4th layer 
which consists of a 3-5 group compound semiconductor expressed with general formula Gaa'Alb'N (however, a'+b* =1, 0 
<=a' <=1, 0 <=b' <=1) with high impurity concentration smaller than this 5th layer, The 1st layer which consists of a 3-5 
group compound semiconductor expressed with a general formula (however, x+y+z=1, 0< x<1, 0< y<1, 0<=z<1) Inx Gay Alz 
N When Si is used as an n mold impurity with which it has the structure which comes to carry out a laminating to this 
order, and thickness of this 1st layer is characterized by 5A or more being 90A or less. The concentration of desirable Si 
in the 4th layer with this low high impurity concentration is 1017-/cm3 preferably to 1018-/cm3 and a pan. It is the 
following. Moreover, the range of desirable thickness is 10A or more 1 micrometer or less, and is 20A or more 5000A or 
less still more preferably. When thickness is smaller than 10A, when [ which is not enough ] larger than 1 micrometer, 
since the effectiveness reduces electrical characteristics, it is not desirable. 

[0025] The 3-5 group compound semiconductor which can offer the light emitting device which has still higher luminous 
efficiency is mentioned combining the laminated structure of the 3-5 group compound semiconductor of this invention 
described until now. Namely, the 3-5 group compound semiconductor of this invention The 5th layer which consists of a 
3-5 group compound semiconductor expressed with a general formula (however, a+b=1, 0<=a<=1, 0<=b<=1) Gaa Alb N, The 
4th layer which consists of a 3-5 group compound semiconductor expressed with general formula Gaa'Alb'N (however. 
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a'+b* =1, 0 <=a' <=1, 0 <=b' <=1) with high impurity concentration smaller than this 5th layer, The 1st layer which consists 
of a 3-5 group compound semiconductor expressed with a general formula (however, x+y+z=1, 0< x<1. 0< y<1, 0<=z<1) Inx 
Gay Alz N, The 2nd layer which consists of a 3-5 group compound semiconductor expressed with general formula 
Gax'Aly'N (however, x'+y'=1. 0<x<=1, 0 <=y'<1). General formula Gax'It has the structure the 3rd layer which consists of a 
3-5 group compound semiconductor expressed with *Aly" N (however, x"+y"=1, 0<x"<=1, 0 <=y"<1) comes to carry out a 
laminating to this order, and thickness of this 1st layer is characterized by 5A or more being 90A or less. By using the 3-5 
group compound semiconductor which consists of these at least five layers, the light emitting device which has the 
outstanding luminous efficiency is obtained. The example of the laminated structure of this light emitting device is shown 
in drawing 3 . In addition, in the example of the light emitting device shown in drawing 1 , drawing 2 , and drawing 3 , 
although a luminous layer is one layer, the layer which functions as a luminous layer may be the laminated structure of two 
or more layers. As a concrete laminated structure which functions as a luminous layer, the so-called multiplex quantum 
well structure where the laminating of two or more luminous layers was carried out to the layer with a larger band gap than 
this is mentioned. Si, SiC, sapphire, etc. can be used as a substrate for 3-5 group compound semiconductors of this 
invention. When using these substrates, this crystalline high compound semiconductor can be grown up by growing up at 
low temperature first considering AIN, GaN, the compound semiconductors that are expressed with a general formula 
(however, s+t=1, 0< s<1, 0< t<1) Gas Alt N, or these laminated structures as a buffer layer, and then growing up the 3-5 
group compound semiconductor of this invention on a substrate. In addition, in the semi-conductor of this invention, in 
order to confine a charge in the 1st layer efficiently, it is desirable that the band gap of two layers which touch the 1st 
layer is larger than the 1st layer 0.1 eV or more. It is 0.3eV or more still more preferably. 

[0026] as the manufacture approach of the 3—5 group compound semiconductor of this invention — molecular beam 
epitaxy (it may be hereafter described as MBE) — law and organic metal vapor growth (it may be hereafter described as 
MOVPE) — law and hydride vapor growth (it may be hereafter described as HVPE) — law etc. is mentioned, in addition, 
MBE — the gas source molecular beam epitaxy (it may be hereafter described as GSMBE) which is the approach of 
supplying nitrogen gas, ammonia, and other nitrides by the gaseous state as a nitrogen raw material when using law — 
generally law is used. In this case, a nitrogen raw material may be hard to be incorporated during a crystal of a nitrogen 
atom with inactive chemically. In that case, the incorporation effectiveness of nitrogen can be raised by exciting a nitrogen 
raw material by microwave etc., making it an active state and supplying. 

[0027] In the case of the MOVPE method, the following raw materials can be used. As a raw material of 3 group element, it 
may be described as trimethylgallium [(CH3)3 Ga and Following TMG. ] It may be described as triethylga Ilium [(C two H5)3 
Ga and Following TEG. ] The trialkyl gallium expressed with general formula R1 R2 R3 Ga (here, R1, R2, and R3 show a 
low-grade alkyl group.) of **; it may be described as triethylaluminum [(C two H5)3 aluminum and Following TEA. ] It may 
be described as triisobutylaluminum [KG four H9)3 aluminum and Following TEA. ] It may be described as general formula 
R1 R2 R3 aluminum (here, R1, R2, and R3 are the same definitions as the above.) of**, trimethylindium [(CH3)3 In, and 
Following TM1. ] The trialkyl indium expressed with general formula R1 R2 R3In(s) (here, R1, R2, and R3 are the same 
definitions as the above.), such as triethylindium [(C two H5) 3 In], is mentioned, these are independent — or it is mixed 
and used. 

[0028] Next, as 5 group raw materials, ammonia, hydrazine, methylhydrazine, 1, and 1-dimethylhydrazine, 1, 2- 
dimethylhydrazine, tert butylamine, ethylenediamine, etc. are mentioned, these are independent — or it is mixed and used. 
Among these raw materials, since ammonia and a hydrazine do not contain a carbon atom in a molecule, contamination of 
the. carbon to the inside of a semi-conductor is suitable for them few. When growing up the 3-5 group compound 
semiconductor of this invention by the MOVPE method, a growth pressure has 0.001 or more desirable atmospheric 
pressures less than per atmospheric pressure. When a growth pressure is higher than one atmospheric pressure, the 
utilization ratio of a raw material may be low, and the homogeneity of the thickness of the growth film may fall. Although 
the homogeneity of thickness improves as a growth pressure becomes low, even if smaller than 0.001 atmospheric 
pressures, there is no effectiveness in homogeneous improvement not much, and crystallinity may fall on the contrary- 
Furthermore, the range of a desirable growth pressure is 0.01 or more atmospheric pressures less than per atmospheric 
pressure. 

[0029] After growing up the 1st layer which consists of a 3-5 group compound semiconductor expressed with a general 
formula (however, x+y+z=1, 0< x<1, 0< y<1, 0<=z<1) Inx Gay Alz N especially the following General formula GaxThe growth 
approach of the 3-5 group compound semiconductor who grows up the 3rd layer which consists of a 3-5 group compound 
semiconductor expressed with 'Aly" N (however, x"+y"=1, 0<x"<=1, 0 <=y"<1) at the temperature exceeding 1000 degrees 
C is explained. After growing the 1st layer, before the manufacture approach of the 3-5 group compound semiconductor of 
this invention grows up the 3rd layer, it is characterized by growing up the 2nd layer which consists of a 3-5 group 
compound semiconductor expressed with general formula Gax'Aly'N (however, x+y-1, 0<x'<=1, 0 <=y'<1) at the 
temperature of 1000 degrees C or less. When forming membranes by the MOVPE method, as for growth of the 2nd and 3rd 
layers, it is desirable to carry out in the ambient atmosphere which does not contain hydrogen. When it is made to grow up 
in the ambient atmosphere containing hydrogen, the 1st layer deteriorates and the component of a good property cannot 
be produced. 

[0030] Here, the growth temperature of the 2nd aforementioned layer is 1000 degrees C or less, and it is desirable that it 
is [ 400 degrees-C or more ] 1000 degrees C or less. It is 500 degrees C or more 900 degrees C or less still more 
preferably. When membrane formation temperature is too high, the 1st layer which is a barrier layer does not show the 
luminescent color from which degradation is expected from the presentation of each element in a barrier layer during 
membrane formation of the 2nd layer when it finally considers as a light emitting device, a lifting and, or the problem that 
luminescence reinforcement is not enough etc. arises. Moreover, when membrane formation temperature is too low, a 
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membrane formation rate becomes small and is not practical. 

[0031] As for the thickness of the 1st layer, in the manufacture approach of this 3-5 group compound semiconductor, it is 
desirable that it is [ 5A or more ] 500A or less. When using as a light emitting device especially with large luminescence 
reinforcement, it is desirable that it is [ 5A or more ] 90A or less. When thickness is smaller than 5A, or was larger than 
500A and it considers as a light emitting device using this compound semiconductor, since luminous efficiency is not 
enough, it is not desirable. 
[0032] 

[Example] Hereafter, although this invention is further explained to a detail based on an example, this invention is not 
limited to these. 

The light emitting device of the structure shown in example 1 drawing 3 was produced. Hereafter, it explains based on 
drawing 3 . Here, the 3-5 group compound semiconductor layer was produced by metal-organic chemical vapor deposition. 
In addition, the silane (SiH4) diluted with nitrogen in order to dope Si as an n mold dopant may be described as bis 
(cyclopentadienyl) magnesium [(C five H5)2 Mg and following Cp2 Mg, in order to dope Mg as a p mold dopant. ] 
Organic washing was carried out and the thing 9 which carried out mirror polishing of the C side of sapphire as a substrate 
was used. First, hydrogen was made into carrier gas, hydrogen chloride gas was supplied at 1 100 degrees C, and cleaning 
of a fission reactor and a substrate was performed. After cleaning termination, at the substrate temperature of 550 
degrees C, TMG and ammonia were supplied and the buffer layer 8 of GaN of 500A of thickness was formed. Next, 
substrate temperature was raised to 1100 degrees C, TMG, ammonia, and silane gas were supplied, 1x1019/of n mold 
carrier concentration cm 3 and the GaN layer 5 of about 3 micrometers of thickness which doped Si were grown up, and 
1500A grew the GaN layer 4 of a non dope at the still more nearly same temperature. The membrane formation rate of Si 
dope layer and a non dope layer was a part for part 200A/for 1000A/respectively. 

[0033] Next, substrate temperature was lowered to 785 degrees C, carrier gas was changed to nitrogen, 4slm supply of 
TEG, TMI, and the ammonia was carried out 0.08 seem 0.04 seems, respectively, and In0.3 Ga0.7N layer 1 which is a 
luminous layer was grown up for 70 seconds. Furthermore, at the same temperature, 4slm supply of TEG, TEA, and the 
ammonia was carried out 0.008 seem 0.032 seems, respectively, and the Ga0.8 aluminum0.2 N layer 2 which is a protective 
layer was grown up for 10 minutes. However, slm and seem are the units of a gaseous flow rate, Islm shows that the gas 
of the weight which occupies volume of 11. per minute and by reference condition is flowing, and lOOOsccm is equivalent to 
1slm. In addition, since the growth rate for which it asked on the same conditions about this two-layer thickness from the 
thickness of the longer layer which carried out time amount growth is a part for part 30A/for 43A/, the thickness called 
for from the above-mentioned growth time amount is calculable with 50A and 300A, respectively. 
[0034] Next, substrate temperature was raised to 1 100 degrees C, and after supplying Cp2 Mg and ammonia and 
performing the empty sink process for 40 seconds, 5000A grew the GaN layer 3 which supplied TMG, Cp2 Mg, and 
ammonia and doped Mg. After taking out the 3-5 group compound semiconductor sample produced by the above from a 
fission reactor, 800 degrees C and 20-minute annealing treatment were performed in nitrogen, and the GaN layer which 
doped Mg was used as p type layer of low resistance. In this way, the electrode was formed in the obtained sample with 
the conventional method, and it was referred to as LED. aluminum was used as a nickel-Au alloy and an n electrode as a p 
electrode. When the current was passed to this LED in the forward direction, clear blue luminescence with a luminescence 
wavelength of 4570A was shown. It was 20mA brightness 1200mcd. 

[0035] The light emitting device of the structure shown in example 2 drawing 1 was produced. Hereafter, it explains based 
on drawing 1 . a gallium nitride system semi-conductor — MOVPE — it was produced by the vapor growth by law. The 
substrate carried out organic washing and used what carried out mirror polishing of the sapphire C side. Growth heated 
the substrate at 1 100 degrees C in hydrogen first, and carried out gas phase etching of a fission reactor, a susceptor, and 
the substrate by HCI gas in this condition. After stopping HCI gas, the substrate was further cleaned at 1100 degrees C 
among hydrogen. Next, after forming 500A of GaN(s) with TMG and ammonia at 600 degrees C as a buffer layer, the GaN 
layer 5 which doped Si at 1100 degrees C, using a silane (SiH4) as TMG, ammonia, and a dopant was formed by the 
thickness of 3 micrometers. 

[0036] After lowering the temperature to 800 degrees C, carrier gas was changed into nitrogen from hydrogen, and 300A 
grew the layer 2 of 60A and Ga0.8 aluminum0.2 N in In0.17Ga0.83N layer 1 using TEG, TMI, and TEA. Next, the 
temperature up of the temperature may be carried out to 1 100 degrees C, and it may be described as MCp2 Mg as TMG, 
ammonia, and a dopant bis-methylcyclopentadienyl magnesium [(CH3 C five H4)2 Mg and the following. ] 5000A grew the 
layer 3 of GaN which doped ******** Mg. The substrate was taken out after growth termination and it heat-treated at 
800 degrees C among nitrogen. Thus, according to the conventional method, the electrode was formed and the obtained 
sample was set to LED. aluminum was used as a nickel-Au alloy and an n electrode as a-*p electrode. When the 20mA 
current was passed to this LED in the forward direction, clear blue luminescence was shown and brightness was 120mcd 
(s). 

[0037] Although the sample came out in part very much and blue luminescence was shown when LED was produced like 
the example 2 and the same evaluation as an example 2 was performed, if it removed having made thickness of an example 
of comparison 1InGaN layer into 100A, brightness is 10 or less mcds in almost all parts, and it is ********. 
[0038] If it removed having made into 21 A, 32A, and 86A thickness of the 1st layer which is example 3 luminous layer, the 
3-5 group compound semiconductor sample was produced like the example 1. When the electrode was formed like the 
example 1, it was referred to as LED and forward current was passed, blue luminescence with any clear sample was 
shown, and the brightness in 20mA was 20 or more mcds. The thickness of the 1st layer and relation with an external 
quantum efficiency of 20mA are shown in drawing 4 . 

[0039] If it removed having made into 150A thickness of the 1st layer which is example of comparison 2 luminous layer, 
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the 3-5 group compound semiconductor sample was produced like the example 1. When the electrode was formed like the 
example 1 and forward current was passed as LED, it was only emitting light palely slightly. The brightness in 20mA was 
1/10,000 or less [ of an example 1 ]. 

[0040] The sample shown in examples 4 and 5 and 6 drawing 5 was produced according to the approach described below. 
First, after 50A grew the InGaN layer 1 of the non dope which is the 1st layer about the GaN layer 5 of the non dope 
which is the 5th layer in the range of 785 to 825 degrees C at 1 100 degrees C, the GaAIN layer 2 of the non dope which is 
the 2nd layer was grown up at the same temperature as the 1st layer. [ 3 micrometers and ] After growth, it heat-treated 
in order to check the thermal stability of the InGaN layer 1 which is the 1st layer, and the photoluminescence spectrum (it 
may be hereafter described as PL spectrum) from the InGaN layer 1 in heat treatment order was measured. 
[0041] The change before and behind heat treatment of the peak intensity of the growth conditions of the sample 
produced by this example to Table 1, heat treatment conditions, and PL spectrum is summarized. In Table 1, the 
reinforcement of PL spectrum hardly changes with heat treatments, but any sample shows that the 2nd layer of this 
invention is important for the thermal stability of the 1st layer. 
[0042] 
[Table 1] 
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1) Heat treatment conditions : the inside of the mixed-gas ambient atmosphere of nitrogen and the ammonia said volume, 
1100 degrees C, 10 minutes. 

2) The reduction to before heat treatment of PL spectral intensity after heat treatment is [0043] comparatively. After 
growing up InGaN which is the example of comparison 3 1st layer, the temperature up of the supply of TMI and TEG was 
carried out to a stop and 1 100 degrees C t and if it removed that 15A grew GaN, the sample was produced like the example 
4. When PL spectrum of this sample was evaluated, it turned out that luminescence from InGaN was not accepted but the 
crystallinity of the 1st layer has deteriorated optically during growth. 

[0044] 

[Effect of the Invention] The 3-5 group compound semiconductor of this invention has a quality defect few, and the light 
emitting device which shows the good high luminescence property of luminous efficiency can be offered by using this. 
Moreover, after growing up the layer containing In by the manufacture approach of the 3-5 group compound 
semiconductor of this invention, even if it grows up the p mold GaAIN at the temperature exceeding 1000 degrees C, a 
barrier layer is not degraded, and the 3-5 group compound semiconductor of high quality with few defects is obtained. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



************************ ***** " "*<M 'ff.'r'.V *-rr f rrjvyvvnivrrr-.'-r 



[Brief Description of the Drawings] 

CD rawing 1] Drawing showing the configuration of the light emitting device of this invention (drawing showing the 
configuration of the light emitting device produced in the example 2). 

[Drawing 2] Drawing showing the configuration of the light emitting device of this invention. 

[Drawing 3] Drawing showing the configuration of the light emitting device of this invention (drawing showing the 
configuration of the light emitting device produced in the example 1). 

[Drawing 4] Drawing showing the thickness of the 1st layer in LED produced in the example, and relation with an external 
quantum efficiency of 20mA (however, that whose thickness of the 1st layer is 50A is equivalent to an example 1, and the 
other thing is equivalent to an example 3.). 

[Drawing 5] Drawing showing the configuration of the 3-5 group compound semiconductor produced in the examples 4, 5, 
and 6. 

[Description of Notations] 

1 ... the 1st layer which consists of a 3-5 group compound semiconductor expressed with a general formula (however, 
x+y+2=1 ( 0< x<1, 0< y<1 f 0<=z<1) Inx Gay Alz N 

2 ... the 2nd layer which consists of a 3-5 group compound semiconductor expressed with general formula Gax'Aly'N 
(however, x'+y'=1, 0<x'<=1, 0 <=y'<1) 

3 ... the 3rd layer which consists of a 3-5 group compound semiconductor expressed with general formula Gax M Aly" N 
(however, x'+y'-L 0<x"<=1, 0 <=y"<1) 

4 ... the 4th layer which consists of a 3-5 group compound semiconductor expressed with general formula Gaa'Alb'N 
(however, a'+b' =1, 0 <=a* <=1, 0 <=b' <=1) 

5 ... the 5th layer which consists of a 3-5 group compound semiconductor expressed with a general formula (however, 
a+b=1. 0<=a<=1, 0<=b<=1) Gaa Alb N 

Si dope n mold GaN layer 
6...p electrode 
7...n electrode 

8 ... a buffer layer 

9 ... silicon on sapphire 



[Translation done.] 



http://www4.ipdl.inpitgojp/cgi-bin/tran_web_cgi_ejje 



2007/05/18 



<18>0#H1«W (J P) 



(12) 




4$ 





(A) 



#^9-116130 



(43)^MB ¥&9^(1997) 5/! 2 B 


(51) IntCl. 6 




F I 




H01L 29/43 




H 0 1 L 29/46 Z 


21/205 




21/205 


21/28 


3 0 1 


21/28 3 0 1 Z 


33/00 




33/00 C 








»*3SO»9 OL (£ 9 H> 


(2i)ms#-^- 


4#B*F8- 15228 


(71) HIS A 


000002093 










<22){HKB 


¥/£8*f (1996) 1£31B 












mm m 




•MPR- 16651 






<32)«$fcH 


¥ 7 (1995) 2 £ 3 B 






(33)fl8fctt&3in 


B* (JP) 


(72)5658^ 




<31)«$te*fcjHS#^ 


temW? -78671 






(32)«$feB 


¥7 (1995)4£4 B 






(33)«5te*fcM3RB 


B* (JP) 






(31)flBfc«336#*t 


«fSW -205954 






<32>«$fcB 


¥7 (1995) 8 £ 11 B 






<33)flBtefc£3BH 


B* (JP) 


(74)ft«A 





<54> ismo&m 3 - 5Wt^¥! 3 m^h j t(D9m^^^smm^ 



(57) [gift] {flEjE*) 
[ MM ] :X»4»5: V ilflS^) 3-5 

-9-7T-fT««[9w«iiiW*ciii±tag 

aNo^s;-y7TS8Sr®fii<;L^. *&iSJg£l 100 

'CiTitf^^ySriHOS i £ K-7L/lnlG a Nil 
5 $4>£Hifl9rtV>'l*— :7V>GaNJl4 

&£B«fiate7 8 0'C4tnFlt\ TE 
G x TM I , NH 3 £ffl^T2B£Ji<9I n 0 . 3 Ga 
0. 7 NJilSrjfiSS*. S&fcHittBteTEG, TE 
A&tfNH 3 Sri£D«illi*>Ga 0 . 8 A1 0 . 2 NJi 
2£^fi£L*:fiL S«£&££ 1 1 0 0'Cl3±lfMg K— 
TUiGaNJB3£l&ft§-£fc. £ CO 3 - 5 J&N^ffcliS 
m^*^miHLN 2 fWft^LTGaNJl3*flSS*t 
OPMJftcLfcl*. P^t/nm®6, 7 SrttWTHJiBeSr 




(2) 



Wffl : ¥9- 1 16 13 0 



[ w mummm 3 

[fl*#£l 3 H&5$I n, Ga y A 1, N (fzfzL. x 
+ y + z=l. 0<x<l s 0<y<l. 0Sz<l) 

x~mzti& 3-5 mitn®)¥mfafrL>%%>m wmt. 

-WGa s . A 1 r N (fcrtfU x' +y ' = 1 , 0< 

x' o^y' <i ) x*mzti& 3 - 5mt-&m* 

mtfcfyt>%:&m2cr>mb. — JEstGa,.. Al y .. N 
(fcflfU x" + y" = l. 0<x"SK OSy"< 
1 ) 3 - 58eft^-«mic«C3&»ib!S:S3|l3 OJi 

[B**3H2] HRaSGa, A 1 b N (jfcjfc*U a4-b = 
1, OSagl, OSbSl ) "C*$<l*3-5BMfc^- 
Wmi«o&»^!Sr«Sf5<?5JBi:, — I n,Ga 7 Al 
, N (tztzL. x+y+z=l. 0<x<l. 0<y< 
1 . 0 S z < 1 ) Tm^tLh 3 - 58Hb-^%2m»#:*>/i, 

mnWXifi 5 AULt 9 0 AJ2lTT*>& £ fc t WSfc -^4 
3-5 BHfc^Wmw*. 

[il*13] — SSGa, Al b N (fcfc'U a+b = 
1. OSaSl. OSbS 1 ) T*$*l*3-5SMfc-& 

mtf'bZ^— ffiKGa,. A 1 b . N (fcjfc'U a' +b' 
= 1. OS a' SI. OSb' 1 > "Ca$*U> 3 - 5 

m^m^^^hm4(7)mt. —m&i n, Ga 

y Al, N.(fcfc*U x + y + z= 1 . 0<x<l . 0 
<y<l. OSz<l ) TSi£ix&3- 5BHfc^|Jj¥St 

* L . 1 eMtoWMfiS A^LL 9 0 A&TTfc & Z 
b ZftMb-tZ 3 - 5ftft^-»iNifl5. 
[il^4] HRSCGa. A 1 b N (fcfc*U a + b = 
1. OSaSl, O^bgl ) T*$^S3-58Hk^ 

JK#/Jn$ VvHR^G a„.Al b .N ( U a ' + b ' 
= 1. O^a' gl. Ogb' S 1 ) T-^$ixS 3 - 5 
BHk-#» i I^Wte&»6=S:4ft4W»fc. — **I n, Ga 

, Al 2 N (tztzL. x+y+z=l. 0<x<l. 0 

<y<l. OSz<l ) T&Zti& 3 - 5tizte&h i ¥m 
fcfrhtc&WilCDmb. — I^Ga,. A l y . N (tztz 
U x ' +y' =i. 0<x' gl. OSy' <1)T 
aS^5 3-5ft^^»iNi«a&»/i,ir4liS2«0JBt. - 
MGa,.. Al,.. N (fzfzL. x"+y"=l. 0 

<x"si. o^y"<i) t-a^ixs 3 - 5mit&m 
¥m-ikfrbtc%&3cr>mtt)K z^mzmmtx^hm 

itS-^L. 1 O^OJS^^" 5 AJiLh 9 0 kWTXfo 
4 i b S3-5 »Hfc£ftiftMfc. 

[»*3B5 3 — ISGa,. A l y . N (fztzL. x' + 
y' =1. 0<x' SI. OSy' <1 ) T*Sit6 3 
- 5fi|-ft;^ i l^#:*^=5ri»m2c73®OMJI^5 0 



± 1 ^ mJaTT* hZb*mLb -t&M&R 1 4 fcti 4 

[il*«6 3 — fcU n, G a y A 1 2 N (fcrtfU x 
+ y-hz = l. 0<x<l. 0<y<l. OSz<l) 

x-mztiz 3 - 5t^&wmi*ipt>%in 1 oam-a- 

ift&Si. Ge. Zn, C dfc itflWgcD^g-TUfitcDit 
JgrfAvfixk lxi 0 19 /c m 3 JSITC** i ar#® 
fc-f&iWBBl. 2. 3. 4. £fci±5Ktt<?>3-5flS 

[MK&B7 3 HR^Ga,. Al,. N (fcrtfU x' + 
y' =1. 0<x* SI. OSy' <1 ) T^S*!* 3 
- 5 BHt^ftrt^tic** ^&£Sg2 0/lfc-£4*U>Mgc7) 

Jii. 4 4feti5ie««3-5aifl:^»2m»#:. 

KW&I8 3 — Bt^I n, Ga„ Al, N ( tztz L . x 
+ y + z= 1 . 0<x<l . 0<y<l. OSz<l) 
3 - 5M^^ft*^5rS^ 1 cr>m&f£ 
■£%1tfc8tl,Z* HRSGa,.. Al,.. N (fcjtfU 
x"+y" = l. 0<x"Sl. 0Sy"<l)Ta3 
<14 3- 5i^^ft¥**3^i?>**l(S3<OJB* 10 0 0 

**ffitefeV^T. K!SlOJI*ft^Lfcft. 1^3 cd® 
&*JiS-fr4lMrfc:. -SstGa.-Al^N (fe^fL. 
x' +y ' = 1 % 0<x' SI. OSy' < 1 ) T"ft£ 

<lS3-5ftft^!|»im»fte&»4>!S:4ai20JB*. 100 
0 *CfelT(7>«aft^ , «^ $ ■£ 4 i t $■ 1tS i: 4 3 - 5 Si 

[31*^9 3 mSmi . 2. 3. 4. 5. 6 4fcf470 

v YftLfrtzuxP) 3-5 mitsm^mftzm ^^zztz 
imicomffltcmwi 

[000 13 

[ ftfflcom~t & SflHJ-W 3 3-5 Sl-f^^^ 

[00023 

W^fcLT— «5*I n x Ga y A 1, N (tztzL. x + 
y+z=l. OSx<l. 0<ySl N 0Sz<l) X' 

m.^tth3-5mit^^mwifi^ixx\^h. axr. 

Jb£HR*«t»tf>x. y*3«J;lXzSr-?-ix-fixl nigS. G 
a«WE*JJ:tXAliMEfcE'f-ii:*«*6. SE3-5BHE 

3ifc:Wrft ft . I: Z. hX\ K3 - 5^-fL-^%^^tc 
=Sr± # =SrraS*% . -rtrfc-fe » St 1 fc:Bt 3 - 5 BHk 
j&«5rc ^ b . S5 2 3 - 5 BHt-^ft^fls^KSc^tt 
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-r\ mi comma, ms-smit^m^mmz. t7r 

AT. Ga A s N Z n 0#Oiffi^^^±t;:)SJ@|-f 4 
-T **K* £>ixT V^&#, «^ jeS^3*«tt»#K 3 

*UCV*& (#&B3 5 5-3 8 3 4 . L*»U £ 

ft tGaN # < * 0 , A 

ttsWKTU Xll#^<&4C:k#*n£>flT^4. Lfc 

^Mat-T 4 i fc L *»o . 

[OO03]»2t. mit-Sm^mftcr, o *> I n ££tt 

m^^ttm^tix^^h. man. GaN, ain&j; 
t/-eo?i H B H (i i o o ox:&±Thtam&fccs>&tf, 

I n N eOSfciMlfiftKiift 6 0 O'CXfoZ. ZCDtz&b. I 

n trfb£ft#mwt*i I n Mi&lz fc i 4 if. -H&mz 
1 0 0 0r£i@;c4^Tl£ H B B O&W£t, 

<=5r4. 

[ 0 0 0 4 ] t i hX. «ttBET«»TS 4IBfc5ft^ 

2: fEBM" & Ott^ttteit L v * z b am t> tiX \ ^4 . 
[0 0 0 5] 4fc. asv^pMe*Sr#*fetot={4. 

^commit— mzT7-t7?gpFiim)£ k-7L^i^' 

iZttLX I n£*4fcv*fc<0«03r#, &MtZpMBaH: 
^~ti><Di}mt 3 tL&z\ttf%}t>tiX^&. fit, pf 
cOttSE^Aiitti I nSr-lr^&^Ga,.. Al,.. N 
(fcfcfU x"-hy" = l, 0<x"Sl. 0Sy"< 
1 ) tfim^tlX^l. fiffftpS^I^ 
ff£Ga x .. Al,.. NSrftftfcAfcHil OOCC^JH 

SoStGa,.. Al y .. Nt i ooox;£jH£.&iairc 

jfcfts-*4iaic i n *-£tH§tt«a9Mfc lt a t u 

[00 06] 

V^ftp a p«03-5^-ft^^«s. *S«fctf I nZ&tsm 
£ J&R $ -frfcft. P fflTOGBl S: H-7* Lfc G a A 1 N * 
10 0 CCilBi. 4 iR*"CflK*$ I n 



flooiBts-s . s h 3 - 5 mit-^m^m^ zmwz 
itiM^Wftt&s^fBBR^i sew-* i t & . 

[0007] 

[IMffi£»&^4fcAO#R3 *fS^fct±. 3-5^ 

£H"U n, Ga, Al, N (tztzL. x 

+ y + z=l, 0<x<l, 0<y<l, 0Sz<l) 

v Miff 4 ZtlzJ:*). X9&co>J?tc\>^3tWcD3 - 5^ 

L. oytJtWOTffiffl-CfiiWik LTGaA 1 NJl£j£ 

[0008] ^i5*>2(sMBJ{i. [ 1 ] — I n x G 
a, Alj N (tztzL. x + y + z = l, 0<x<l x 

0 <y < 1 . 0Sz<l) Xr$t£tl& 3 - 5 SHk^ft^. 
iKfe^^S^l^Jik, — MGa,' A 1 y . N {tit* 
U x' +y' =1. 0<x' gl. Ogy' < 1 ) T" 

fESn&3-5BEft^«^*ft*»4>=ar4JB2<Oji4:. - 
jR^CGa,.- Al,-. N (fc/iL. x" + y"=l, 0 
<x"Sl, 0Sy"<l ) T'^£ftl>3- 5{&Ht£!fej 
3 NKt*»4>*r4a53<0«k3&«. i<OIRtS|»JlLt^:&» 
jaSr^L. S3K 1 <r>M0)B*tf 5 AJ3Lh 9 0 kVXfXfo 

4 3-5 ft-ft-^mifrfciffii & cr>X%& . 
[0009] 4fc, [2]HKGa a Al 

b N (Ar^tfL, a + b = l» OSaSU OSbSl) 
T'« $ ti 4 3 - 5 M^i^ftitP ^^5^1!:, 
-HRsSU n, Ga y A 1 z N (fc/iL» x + y + z = 
1. 0<x<l. 0<y<l. 0^z<l) T3l£*l4 
3-5®t-ft'^J^*3&^ : S:4mi^Jii:^, «®LT 
^4«itS:irL. Kff 1 0)M<rM*-tf5 AJSLh9 0 AJil 

[001 0] 34>te. afsfHWi. [3]-«Ga a A 
l b N (fztzt. a + b = l. 0 Sag K OSbS 

1 ) -C*S ix4 3 - 5 «Hk-&ft*#flc*» ^ % hW, 5 com 

m&5com£^m!immtf'hz^~ ssGa,. a 

l b - N (fc*£U a' +b' =1. OSa' SI, 0^ 
b" SI) X-MtZtLS 3 - 5M^tt¥«ft*^iSl 
A<T)Mb . -HKjCI n, Ga y Al, N (fcfc'U x + 
y + z=l. 0<x<l, 0<y<l, 0Sz<l)T* 
*$il4 3 - 5M^ft^ftA^^^g 1 (Omtifi. 

zcojmzmmLxtc&ffimttL . mm 1 <nm<nm*-ifi 

5 AJ3Lh 9 0 AJ^TTfc4 3-5 fipfk^*2Ni*t«4 

t>OT'*4„ 

[001 1 3 #»lD§li, [4]-jK^Ga a Al b N 
(^TTt'L. a + b = 1 s OSaSl. OSb^i) X'* 

Siift3-5«Ht^tt4^fltA»fe5Sr*fl55<!OJii:, MM 

5(OmX 0^fellUS*vh$v^— ^G a a . A 1 b . N 
(fcrtfU a' +b' =1 % 0^a' SI, OSb' S 

i ) x'$zztv&3-5mit-£m*mfcfrt>%:$>m4com 
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t , HR5$I n, Ga, A 1 z N (jfcfc'U x + y + z 
= 1. 0<x<l. 0<y<l. OSz<l) X-mZtl 

a,' A l y . N (fc/£U x' + y' = 1 . 0<x' S 

1 , 0 S y ' < 1 ) "C$t£tl& 3 - 5 fitft-&*!j¥35*A» 
t>Zc$>m2<7)S§k, — «Ga,.. Al,.. N (fc/* 
U x"+y"=l. 0<x"Sl s 0Sy"<l)T' 

m £ ii & 3 - 5 ti^^tta* 4. * £ as 3 t #\ 

5 AULt9 0 AJ2TPC&* 3 - 5mz&tt&mfctZ&& 

[0012] tttmt, 4fc [ 5 ] — In, G a y 
Al, N (fcfc'U x+y+z=l, 0<x<l. 0< 
y < 1 . 0 S z < 1 ) Ta*ix4 3 - SBHfc^ft^aW* 

l y .. N (fcrtfU x"+y"=l, 0<x"Sl. 0 
y " < 1 ) 3 - 51^&&m>m*t>%:h 

m3<vmz i o o o'cfcfiisiaflrcjfcgs-its 3-5 
SHk-fr WNi*^ ^*atc*j v ^c. mm 1 com?: &m 

LfcflL SES53<?5Ji*Be*$"l*-4t?r(C. — feKGa^A 
l y . N (JteftfU x' + y' =1. 0<x' SI, OS 
y ' < 1 ) 3 -SM^ftf^ft*^*!.^ 

2 <7)Jf $■ . 1 0 0 0 •CJaTWiMtCtftSS** 3 - 5 fig 

[ 0 0 1 3] ZLX. *^HJ(i. [6];cDid^3- 
[00 14] 

t±, — «G a a A 1 „ N ( fcfc* U a + b = 1 . OS 

aSl. OSbS 1 ) x~mzixh3-5mik4sy>ii¥mfo 

frt>%&m5COmt. — «5U n„ Ga, A 1 z N (fc 
fc'U x + y + z = l. 0<x<K 0<y<l. OS 
z < 1 ) TSESfc.* 3 - 5 j^fc^flfl^lCftefr&fcfcSl 1 
eon bit. iWJtt=W«fCi*flfifi**L. KKSKO 
mnW-Mf 5 AM± 9 0 A fiTTC* & i t * #® i: 
* . KB 1 <nm<nB*W 5 A «t 0 >h§ v fc« 9 OA 

C 0 0 1 5 ] JB 1 cO/fCTM^S: F-7*$-fc ;tt. SH 
±lr£\ aSfflSBKSR^tlim 1 I niMBi5%J3l 



(4. 28S7C** { #4U\ 2fil7C*0**»T'ti, Mg, 
Zn, CdiH-rLfc«^. 3fe#S&**«*V*0"Ciffji 
"C*4. «fcZnj&«K4U>. £*n»*)7c*OiftBBi, 
! oi8~i 0»/cm3 *«jff4 Lu. Jfcltf>«±.r*l6 
0)2fii7HRi:i:t>fc:S i iifciiG e Sr|5]B#t K-XLT 
tiv^. Si. GecoiF4Lt^m®ffl(il 0 18 -l 0 

[0016] 5RK1WBt<0*&, HRtcfBtx^.^ 
fc*^eSKr*&fcHi''«>' KilSBfefcf (WW'S . ^'>- 

t(4 s Si, Ge, Zn. C diJ «tlXM gO^-7cSOill 
fl&^V^^fc 1 O'Vcm' HTJiJifiK. $^tc«f 
iL<(±l OVcmS ETFT** 
[ 0 0 1 7 ] ^N'y HSWfe|£<0*^. ^fe^tim 1 OS 

I niU^ti 1 0%£LtfiW± L^K I nig^An 0%X. 
R£*4MrE*$*»t* V>. I nigs?: 

[0018] IMcom&com 1 t0S{iSn a n «O^ a H B ttSr 

tia^«JMiJtte J: o , as i «o«*q»w=fi^-fi:*»t* 

^3-5M^ft^ftli, -HRsCI n, Ga, Al, 
N (tztSL. x + y + z=l. 0<x<l, 0<y< 
1 . 0 S z < 1 ) TmZtl& 3 - 5M^ft¥i«^ 
Zc&miCOmt. HfctGa,. A l y . N (T^fiL. x* 
+ y ' =1. 0<x' SI. OSy' <1) T&Sii* 
3-5SJHt-^B»¥»«cA»<9**ffS2^>Jlfc. HKGa 
r .. Al,.. N (TtTt'L. x" + y" = l. 0<x"S 

i . o s y " < i ) -emztit 3 - 58Ht^«^mi**» 

L . MB 1 nmnMMfi 5 AJ2Lh 9 0 AJSITT* 4 i i: 

twati-s. mmicr>mcom&-i±. ioaj^uisoa 
[ o o 1 9 ] m 2 comcomx-iz 5 o Am± i *t miaw 

KLU. $6fc:i?±L<(i7 0AJJUi5 0 00AJaT 
JiJW«5 OAi 9>MfV**£, HlOS£73Km 

tt»t'5r<. ^3WlMt{:MJSrL, 1 

m m «k 0 ^ # v v*^fc:t4*»Wfc:3R^ffc Lfe«^-. ^t^- 

[0020] H20SOA 1 OM ( x" ) {4vSttSO 
^ 3 jSTli 0 . 0 5 S x " *>'|fi Lv\ /c/i 
L, Al jftJK^K < 4 4 WRffiJfcWiif 
*0, ^co«^SDi^^©< : 5r^^rv^Hfc LTfi 
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x"^0. 5 ##41^. S&teiSFiUvA. IW£<V& 

mi±. o. isx"so. 4 5X'$>$>. %$2CT)mizpm 

Mg*>^ ^c#?4 Lv^. tztz 



L. tS2«OJI* t pM£3 



fcli. :TO*^£ffi<"$-4&Bj&*fc4. feftttSrffiT 

/cms $^.l:ifiL<lil0 18 /cm3 J^TC 

£>4 0 

[0021] ft±SBt=»tiTfepffi«tt, tiitr-- 

n«S^Stt, 4fcpa*5SB3<7)Jifc:ffl£p*8i£Ktt 

£>4 < 

[0022] *^HJc7)3 - SBHteft^SWfcfcJB^fca 
JIJ: 0 t*#^'«>'H^ f -vy7**«roJi5 2<0JiS:jR* 

H K) , 2o<oHfi(c«BEfi" Jn *. 4 i k "C^atfStfu IS 
lfOJBTfKfr*-*. H2l4Sf2tf5Jl(c||5 5CDJiki4S 
4^tt«r*Srfctffci0rc&4. 0 1 <o09fc IPHSlfc: . 
ES:Jn;i4£fcT?Bte-t4. ISftlS*05*S£a»6. 
1 009T(4SS 5 ii nl. 13 OJlte pSfcfS <r>W 
-HRWT&4. ^3OJi#&^02O#iT'{2. S52 0JI 

[0023];;?. nS^»5«0JW±^ftjW*«K 

4. £05 J: "5 nM<7)lil5<OJf hgll^Jl^ 

It^g LT ^4 fc , IS3l2«rts^««W1#tt* s fiT"f 4 - 

i: 36**4. *<tt\ nm<Dm5cDmtmicr>m<7)miz^ 

[0024] -rtr*>^> , *^BJO 3^5 flefc&fe¥*fle 
11,-MGa, Al b N (strtfL. a+b=l, OS 
ail. 0 S b S 1 ) "C3S§*L4 3-5 SHfc^WIMWfc 
4> 3r 4 fi? 5 COS , 5 <?>Jf J; 9 ^«fijiM6&«/jN§ 

&5SG a a . A 1 b . N (fcfcfU a' +b' =1. 0 



Sa' SI, OSb' SI ) T*$*l4 3-5BHfc£& 

¥jWb&»6*:4SS40)JBi:. -HRaU n, Ga, Al 2 
N (fc^fL, x + y + z = l, 0<x<l s 0<y< 
1 , 0 S z < 1 ) TaS*i4 3 - 5SHfc£%*ftlWk&»S> 
=Sr43Sl £^*t£RJBLT$:4«l3i*lrL. 
1 ffMoMMfi 5 A£Lt 9 0 AUTFT*#> 4 CI t 

ni?»i: LT S i £fflV*4%£\ i^R«ftiftK*» 
ISv^fl54c?5Jifc:*jtt4»4Hr^s i Oi&gii l 0 18 /c 
ms . $6lcif4L<t±l Oi'/cm' J21TT*4. 4 

. *?4 L V ^S*^ffl{4 1 0 A J3LL 1 u mVXTX'h 
9. ££>ti?4L<i4. 2 0 AJSLh 5 0 0 0 AJJITT* 
4„ «H#1 0AJ: 9 -?-0^{±3t#T^r 

4?5T1£F4 L<=5r^o 

[0025] iii4Tt=a^^*f6^)3 - 5UHt#& 



(4. — ffi&Ga.* A l b N (fc*£U a + b = l, OS 
aSl. OSbgl) T^$ix4 3 - 5SHk^*2|mcfic 

V^-fceGa a .Al b .N (fcfc'U a' +b' =1,0 
^a' SI. O^b' SI) "C«$il4 3-5BKt^* 
3 l s *«53&»fei4Sg4<?5*fc. — fl&tl n, Ga, Al z 

N (7tfiL. x + y+z=l. 0<x<l. 0<y< 

i . o s z < i ) -zmztih 3 - 5mik-&w>¥mikfrt> 

%&micr>mt. -HR^CGa,. A 1 y . N (fcrtfU x' 
+ y' =1. 0<x' Si, OSy' <1) T*Sii4 
3-5«Ht-6*¥»*3&>4>i4*2<OJii;, -^S^Ga 
... Al,.. N (fc^fL. x" + y" = l, 0<x"S 
1 , 0 S y " < 1 ) T$k£tl& 3 - 5flHfc-&!HjiN»**» 
<> ! Sr4JIS3tf5«fc3& J » £<75rafc»*LT:Sr4«Bfi£3r 
U . B3B 1 0>M0>W*ifi 5 AJSLh 9 0 AlilTT* 4 i fc 
&1«S4: , t4. i«D^*<i:t>5ii3&»<9*4 3-5lfeft: 



m^^rt. ^fc, HI. H2*$±tfH3fcjj*Lfc»J!£* 
^^JT14, %3teflit±lo<OJiT*4* t . 3%^ili:LT 
;^-r4Ji(4 : ltitO«^««1ij§T*^Ti> 
i: LT«fl^-4Afls«*»Ji«3ii: LT54, mWcDft, 

v vfc>i9>4 ^fiJ-^#FM3t*^(f ^fL4 o *^Bjc7) 3 - 
5fiHk^|fci|m*fflfflKl: LT(4. Si, S i C, Try 

T4Tt¥£JB^4£l:j& t T£4. £ix&tf>S«&fflt*4 
aHEifci-^^aaTA 1 N, GaN, ±tz\t— ffi. 
S^Ga s Al t N (tzfzL. s + t=l. 0<s<l. 
0<t<l ) 'C«$il4'fk^l*¥3iflc. ttzlZZtlhCD 
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oo. ievjjLt*s^ifc*«iSFau^. s Steffi u 

<«0. 3eVjJJUL-CJb4. 

[00 26] 2)s:%BJc7) 3-5 Sl-f^^^^M^S 

) ft. (JSIT. MOVPE 

tffctZbtfbt. ) ft. >W KjRffiJ&ft (iil 

T« HVPEfc£-$\rfcj&«fc4. ) a^t'^Wibii 
ft. &i>. MBEft£ffl^fti§-£. MMM^t LTti. 

JKJB-^ffilH-S ft ft* V -*4HF*x t ^ ^ 

— (JJTF. GSM BE fcj&*fcft. ) «w 
fcrffli^&ivr^ft. Cico^. HSf^j&Mb^Wfc^FS 

ft. -etfflteteJi, ?n8MrifteJ:"5H35HS£ia 

^3»£±{f ft £ h rfW & . 
[0027JMOVP E £TFO i a 

JB^ft ft. 3Ss7C*tf>IRJRi: LT. hU^f- 

rt^'J^JU C (CH 3 ) 8 Ga, OTTMGfciE^ik 
36**4. ] . N'JxWy-^A C (C, H 5 ) 3 G 
a. jaTTEGfclMMfctf&ft. ) fc£Rj R 

2 Rj Ga Bi , R 2 . R 3 tiffin 
«£5cf . ) "CgiSixft h 'JTM/^'^A ; h'Jl 
f-A-T^S^A C (C 2 H 5 ) 8 Al, OTTEAi; 
E-tii:***)*. } . MM YT^/PT^S-^i* C i 

- (C 4 H 9 ) 3 A 1 . JaTTEAfciEiMi:*** 

ft. D ^HRstRi R 2 R 3 A 1 (vl,TT\ Rj . R 

: J*?A C (CH 3 ) 3 In. JMTTM I fc <I 1 
ft. ) . h'JlfWy^A C (C 2 H 5 ) 3 In) 
m<7)— ffi&Ri R 2 R 3 I n (C1>IT\ R t . R 2 . R 

3 Hmfcbnt&RV$>&. ) TSl£:ftft MJ7VM7U 

[00 28]&iC. 5mWMt LT{i. T^-T, b 
h"7y'y. ^tH^^y^ 1. l-^f;PhK7 

1. 2-y7f^hK7xy< t-^7S 
>\ xfi/yy'7 5yf*W^. ijfi&JiJMilii 

4"\?)#SiiO;rf jte6*^^r < SIT" h ft . M O V P 
EaT'*^HJ03 - 5Mk^^fls£l£i|-?-fti§-£-. 
JjSc^E^ ii 1 MJEEJilT 0.001 «fflJLb&*iff ± L ^ . 
J&Rflyj # 1 «EE J: 9 *v . M^fltfffljMstfffl; 
< . 4 * «M^>BRWo%--tt3& t fiT^ ft ft . 

J&SEE In < =5: ft fcoivc . mmcoi%—ittffaJft ft 
* J . 0. 0 0 1^.EJ:0/h$<Ti>fej— ttOfaJhteli* 



ft . U vft£Ea*>ttH«: 1 SlEJ^T 0.01 

*ffl2LtX*ft. 

[0029] liTRffc. -JK^ In, Ga, A 1 2 N 
(fcrtfU x+y+z=l. 0<x<l. 0<y<l. 

0 S z < 1 ) T&Zti& 3 - 5BHfc£ft¥3Wfc&»&S:ft 

ISl«Ji£j&gtH^«lC« HRSGa,.. Al,.. N 

(fcfcfU x" + y" = l. 0<x"SK 0^y"< 

1 ) T*£*T.ft 3 - 5BHk^*4MWfe*»4> ! S:ftlS3<OJB 
£10 0 O^fcjBifti&BtCtfJIS-frft 3 - 58HL^I* 
*«#:Ofi£*^r&^o v vc I^BB-r ft . 3 - 5 ^ 

ft^i^«ao»ja*t£*±, as 1 uti*. m 

3*>Ji&j£JfeS-£ftSirt;:. -fctGa^A i y . N 

U x' +y' =1. 0<x' SI. O^y' < 1 ) T' 
*5;h.ft3-5^^«^ita^£ftflS2<9JB&. 1 
0 0 0 X:OT<0jaK-CJS£3-£ft - k £#«Si: -r ft . M 
OVPEj£T'BgH-rft%&. IB22lW»3iOJifl5ja«ti 

[0030] mflEco^ 2 ^S^fiJc^iS^ii . l 

0 0 0*CliTPe& 0.40 OX^Lh 1 00 0'CJilTTS> 
ftifc**»4Lv^ $4>tc*f4L<(i5 0 0"CJ^JLh9O 
OX^TT-ftft. ^H^^ffi^-rft^. vS14«T'$> 
ft IS 1 2 <0«<0jaRtf t=^t*iBi L . 

[0031] C^3 - 5Mb^^*^^jg*^^ 
^ 1 comcDMmi* 5 AiiLt 5 00 AJaTT*ft C <!: 

ft . 5 AJSLh 9 0 AJilTT'$) ft ; 3&*Jf 4 L 

l\ J»Jl3& t 5AJ:"5/h§^3& i 4fcii5 0 0AJ:*)^:&v^ 

Sft^iSBt^TsSr v 4 L < * v> . 
[0032] 

^MCTl 

H 3 ClScr Mit O^Bt^ * fHS L . JJIT . H 3 (=g£ 

i^hi: LX S i 5: F-T-Tft^t:. SSRT^RUfc^ 
7y(SiH 4 ) Sr. pSH— -"Cvhk LTMgSr K— 
r-t ft J^!*t) tc: . b'X iy 7 > ? y'xz;l/7 7 ^ i/*7 M. 
C (C 5 H 5 ) 2 Mg. J3lTCp 2 MgfcE-rcfc*«A 

ft. D Srfflwt. Wfcb LXV-yr-i^cDCWtmWffi 
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VTtfAkL. 1 1 0 O'CTt&fokmA'XZ&i&LX . 

V^"i&Tf&. £fft£K£5 5 0*CT. TMGt7yt-7 
Srft*^LTJUl5 0 0A«GaNW\' 7 7ri85:it 
L/C. &(C£8E&ft£ 110 CCiTlBf . TMG, T 

fcniiftl)7»«l x 1 O'Vcm' . JUJIi^ 3 m 

tf)GaNJl4£l 500AjR£Lfc. S i K-71tJj; 

i^yy K-rwodciBaaM:. i o o o 2 

0 OA/*t*-jfc. 

[0033] <^{c£fi[£ft£ 785 *C4 TTff . ift'J 
r#.X££Xfc:&;L, TEG, TM I Xl/Ti^— T* 
0 . 04sccm, 0. 08 s c cm. 4sl 
mi^LT,MltMln 0 , 3 Ga,,, NJll£7 
OfWafRSLfc. RtfilttTEG, TEA 

StXTV^TSr-WeftO . 03 2s c cm. 0.0 
08sccm, 4sl mftJ&LT. $MJ§~£'$>Z>G a 
o.8 Al,, 2 NJB2&1 0#HlJfiJ&Ufc. fc*5U si 
mfcit/s c cmfci±^ffcO^<^ijiftT'. 1 s 1 mli 

^'X^gSaxT^2>C:i:Sr^L. lOOOsccmlil 

jfcS3&g#4 3A/#. 3 0A/#-C*4«0T\ ±SEl« 
^B#^^^i6f ) ixi > ^l[{i:^-tL-rfL5 OA. 3 0 OA 

[0034] tt^aSSr 110 0*CiT±W\ C 

P2 Mg, fcitfT:^— T£^LT4Of*fai0)^6 
LUm^-ofcCO-h. TMG. Cp 2 MgiJit/T^ 
— TSrffi^L-CMgSrH-rL/tGaNiI3S:50 00 
A J&H tst . JSLbtc J; K) im Lfz 3 - 5 BHfc^W^** 
t^fcRJEjW^ttOffiLfctf)^ 0 O'C. 

2 0#7N=-— /Wl&SSrtiU MgtK-rLfcGaNi 
*ffl3fitntf>pSJlfc:L;fc. i o LX&tzmmiz&mzX 
OmffiSr^J&L. LEDtU;. PlitLTNi-A 
u nlSSt LT A 1 SrfflV^. ClOLEDkrlKfr 
fafc:*ateSKLfcl:£*. «3te»dil4 5 7 0 AW^BBFfir 
#fefBt£^L£. 2 0mAWIgl 2 0 0mcdt 

&->tz* 

[0035] mmm2 

miizTjk-tffi&nztm^FZimLtz. j^tf. nits 

rJvvcBMB-fi. saMt^U^A^aNWWi, MOVPE 
ii. 4 -f**+Ta6K* l 1 0 0*Cfc:2inJ»U i<o«OB 

m. A-y^rJffc Lt 6 0 O'CTTMG tryt-TC 



J:9GaN£5 0 0Aj3tliLfc«. TMG. TVt-T 
fcJzt^F— ;*>ht LXi/yy ( S i H 4 )&m^Tl 
10 0 °CT' S i £ h'-7' Lfc G a Nil 5 £ 3 u mOf» 

[0036] 80 0*C4Tl*iftLfcflL *+'J T#*£ 
?kS*^M^gg^. TEG, TM I . TEA5:1V^ 
T. I n 0 . 17 Ga 0 . 83 N®lSr6OA. Ga M Al 
o. 2 NCOM 2 £ 3 0 0 AjftjtUfc. JJct, ffiJK^ 1 1 0 
0°CM#2£U TMG. r^-TisiiXh'— ^yhb 

C (CH 3 C 5 H 4 ) 2 Mg. £TF. MCp 2 MghlE 
•tZbrf$>&. 3 ^fflV^Mg^K-TLfcGaNcol 
3£5 0 0 0Aj£*Lfc. JfiJBHTa. *«£BX9£tI 
L. »4»8 0 0 , CT«mKi*fT : a:ofc. ^OiatL 
T»fe*ifcSCR*flSffit=a!v\ W&iffiSLL. LEDt 
Lfc. ptltLTNi-Au^ nfl^t LTA 1 

fcfflVVte. Cl<?)LEDt=JKfrrtIfc:2 0mAtf5lB8S*a[L 
[0037] JfcRMl 

I nGaN/liDlf^.S: lOOAt LtlZtZm^TlZm 

tm\ 2 1 mmiz lx l e d zim t . nffc^j 2 t hro 

Lfzi><?)(7). tetAsb'O&ftXmmtl Omc dJilTT" 

[0038] mmM3 

%dtmx#>&'micr>mcommz2 1 a. 3 2 a. 8 6A 
kLtzztzm^xte. mtmitmmizLX3-5m 

^Sr^fiStLTLEDi: L. «ttn*j*R&8SLfci:£^ 
"Wl^K** t E«efl*fe»3te£ * U 20m ATOSIS 
ii2 Omc dJiLhT*-o;fc. Hl^lOlf t 2 OmA 

T<?D^hgPi^^<7)BB^S:ia4 tc^-r. 
[0039] Jt«H2 

%3WT'&-g>3?iojf<7)jfiS£i 50AkLfc;fciii 

wris. mnm 1 1 R«tc tx 3 - smik&m^mfau 
mzimttz. mmmi tfflmt,zLxmm£m&LLE 

3£-r£c^T'&o/'i. 2 0 mAT03W^{iHM<5iJ lOl 
[0040] HSSM4 .5.6 

-T . 110 0 "CTIB 5 nm-ttb hSSY —y°CDG aNf 
5Sr3^m. 785 °C*^ 8 2 5 "CO^HT - ^ 1 <7)JiT 
$>SyyH-7»I nGaNll&50AMU^ 
^ 1 COM b PI tiSJgT'lg 2 COJlT'ft 4 7 ^ N' — T<?)G a 
A 1 NS2 2r^Lfc. WilcDmX fol I nG 

V\ ^aaiuflfcT'O I n G a Nil 1 frt>COy * h/l^S ^ 



(8) 
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C 0 0 4 1 ] m 1 :*^«-Cft*LfcH£kO|fcg* 



[0042] 
[HI] 









Mat* 


warn 


81X0* 

2<J)IK)j& 

fiffiE 


82QJM) 
Al 

it 




msu 


lflE 


8 2 5T 


0. 2 


30 0A 


I5E 




mm 


1/2JBE 


7 8 5t 


0. 2 


30 0A 


iSU± 


1 1% 


wans 


1/8SK 


7 2 5T 


0. 3 


2 1 OA 


1/S8EE 


0% 



1 ) 3MlUiafefr : f-y&bTy^-TmW&nfc&tfX 
Mm*. 110 0 C C. 10*. 

[0043] Jt^M3 
mieomX'hh I nGaN^^CTM I hTEGfiO 
&&&±tb. 1 1 0 CCiT'lftBU GaN£ 1 5 Ajfi 

* l i fc i$v ^xiiimmm 4 1 l t has- 

nGaN*»4>eD5bb& s 3ft6<fr. j£*4»tcS51 05«0> 
[0044] 

2ri£te.fc9. 1 n£-£WB£j££3-ert;«L pSg a a 

1 N£ 1 0 0 0X;*jH;i4»arCJ££3-£T Witt** 
[SI] *»»OfB3lHR?tfD»JS*^-H (j»«2T 

[132 ] ^iSHj^jBiaR^airit^jSf 0. 

[H3 ] ^zmcDZtttm^mtitz^-fm (mt&m 1 t 

t H4 ] SQftWCfHR LfcLEDm mi <DF 



\coi 



1 2 0mAX'<7)^&^m<omm^-tm (/sjeu 

M 1 nMtoMWifi 5 0 Aco t> coti^Sfe^!! lfcflSU * 
[05] ^S&M4 .5,6 X'{¥M L 3 - 5 jJHk£*¥ 

[ft^M] 

1 . . . HKI n, Ga y Al, N (fcftfU x + y 
+ z = l. 0<x<l. 0<y<l. 0Sz<l) 
3 - 5J^^¥3Wta&»4>:Sr4fll 1 <r>M 

2. . . — IS^G a,.Al y .N (Jt?t*L, x' + y' = 
1 . 0<x* SI. OSy' <1 ) T*S*L*3-5Bl 

3. . . HKtGa,.. Al,.. N (fcrtfU x" + 
y" = l. , 0<x"Sl. 0^y"<l) THZtlZ 3 

- 5 ^-fc-^^^fr^ a> -I. « 3 co m 

4. . . -KGa a .Al b .N (:fcj£U a' +b' = 
1. OSa' SI. OSb' Sl)t*S*i4 3-5ft 

5. . . — 4R5tGa a Al b N (fcrtfU a + b=l. 
OSaSl. OSbg 1 ) X*&%tLh3-5mte£Wt 

mm* bzc&m scorn 

S i f'-7niGaN 

6 . . . p 

7 . . . n 

8. . . A-y;7rH 

9. . . -fyT^TWfc 
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s i osnw? <A) 



